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(54) PROCESS FOR PRODUCING HEAT-EXPANDABLE MICROCAPSULES 



(57) A process for producing thermo-expansive mi- 
crocapsules wherein a polymerizing mixture containing 
ethy lenic unsaturated monomer and a blowing agent is 
suspend-polymerized to microencapsulate the blowing 
agent with the resultant polymer. The above-mentioned 
suspension-polymerization is performed with the pres- 
ence of at least one compound selected from the group 



consisting of polypeptides and derivatives thereof as a 
suspension stabilizer. The process can control the par- 
ticle size of microcapsules easily, attain stable reaction 
system and produce thermo-expansive microcapsules 
that disperse well in medium such as paint or inks. 
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Description 

FIELD OF INVENTION 

[0001] The present invention relates to a process for 
producing thermo-expansive microcapsules. More pre- 
cisely, the present invention relates to a process for pro- 
ducing thermo-expansive microcapsules, wherein the 
particle size of the microcapsules is easily controlled, 
the polymerization reaction proceeds stably and ther- 
mo-expansive microcapsules dispersing smoothly into 
medium such as paint or inks are produced. 

PRIOR ART 

[0002] Various processes for producing thermo-ex- 
pansive microcapsules wherein thermo-plastic polymer 
microencapsulates volatile blowing agents that gasify 
below the softening point of the said polymer to form 
thermo-expansive microcapsules have been studied. 
Japanese Patent Publication Sho 42-286534 discloses 
a general production process for thermo-expansive mi- 
crocapsules. USP 3615972 describes a production 
process of thermo-expansive microcapsules of which 
polymer shell has uniform thickness. JP 2894990 de- 
scribes a production process of heat-durable thermo- 
expansive microcapsules of which 80 % or more is 
formed of acrylonitrile monomer. 
[0003] Those known processes employ inorganic ad- 
ditives such as colloidal silica as a dispersion stabilizer, 
organic additives such as a diethanolamine-adipic acid 
condensate as a supplementary stabilizer, and polym- 
erizing auxiliaries, if necessary, for suspension-polym- 
erization to produce thermo-expansive microcapsules. 
[0004] Further, Japanese Patent Publication Hei 
11-209504 discloses a production process of blowing 
microspheres wherein a mixture containing a blowing 
agent and poiymerizable monomer is suspend-polym- 
erized with the existence of an alkali metal nitrite, stan- 
nous chloride, stannic chloride, water-soluble ascorbic 
acids or boric acid. The paragraph [0023] of the said Pat- 
ent Publication discloses that the suspension-polymer- 
ization is performed in an aqueous dispersion contain- 
ing a dispersion stabilizer (suspending agent). And gel- 
atin is disclosed as one of the supplementary stabilizers 
for the dispersion stabilizer. 

[0005] The above-mentioned production processes 
of thermo-expansive microcapsules require a technique 
for controlling particle size of microcapsules and the 
suspension-polymerization may sometimes be unstable 
depending on reaction condition. Furthermore, micro- 
capsules produced in those processes have poor dis- 
persing performance that causes difficulty in dispersing 
the microcapsules uniformly in a medium such as poly- 
mer, paint or ink. The cause of such poor dispersion be- 
havior of microcapsules is insufficient dispersion of the 
dispersion stabilizers employed in those processes that 
leads to difficulty in particle size control and unstable 



polymerization systems. The poor dispersion of result- 
ant microcapsules in various media is also caused from 
the poor dispersion of the dispersion stabilizers that led 
to adhesion of resultant microcapsules. 

5 

DISCLOSURE OF INVENTION 

[0006] The object of the present invention is to provide 
a process for producing thermo-expansive microcap- 
10 sules. 

[0007] Another object of the present invention is to 
solve the above-mentioned problems and to provide a 
process for producing thermo-expansive microcapsules 
wherein the particle size of the microcapsules is easily 
'5 controlled, the polymerization reaction proceeds stably 
and thermo-expansive microcapsules dispersing 
smoothly into medium such as paint or inks are pro- 
duced. 

[0008] Further objects and advantages of the present 

20 invention are evidently described below. 

[0009] The above-mentioned objects and advantages 
of the present invention can be attained by a process 
for producing thermo-expansive microcapsules wherein 
the said microcapsules are produced in suspenslon-po- 

& iymerization of a polymerizing mixture containing ethyl- 
ene unsaturated monomer and a blowing agent that is 
microencapsulated with the polymer produced in the po- 
lymerization, and the said process is characterized by 
the suspension-polymerization with the existence of a 

30 dispersion stabilizer, which is at least one compound se- 
lected from a group consisting of polypeptides and de- 
rivatives thereof. 

PREFRRED EMBODIMENT OF INVENTION 

35 

[001 0] The present invention has an advantage being 
different from that of conventional processes owing to 
the above-mentioned specific dispersion stabilizer. In 
the conventional processes, a complex formed of an or- 

40 ganic additive and inorganic additive functions as a dis- 
persion stabilizer. Such complex becomes unstable by 
heat and its dispersing and stabilizing behavior decreas- 
es with the advancement of polymerization to make the 
reaction system unstable. In the process of the present 

45 invention, the said polypeptide forms complex with an 
inorganic additive to attain dispersion similar to that in 
conventional processes. In addition, the said polypep- 
tide also functions as surfactant and stabilizes the dis- 
persion. Modifying the variants and molecular weight of 

so the said polypeptide easily control the particle size dis- 
tribution of resultant microcapsules. 
[0011] The preferable dispersion stabilizers em- 
ployed in the present invention are polypeptides pro- 
duced by hydrolyzing collagen, and the derivatives of 

55 such polypeptides. The examples of such dispersion 
stabilizers are cationic collagen polypeptide, higher 
alky I cationic collagen polypeptide, esterified collagen 
polypeptide and condensates of those polypeptide and 
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fatty acids. Examples of the said condensates are coco 
fatty acid derivatives, lauric acid derivatives and unde- 
cylenic acid derivatives of polypeptides, and one or 
more of those are employed for polymerization. The av- 
erage molecular weight of the said dispersion stabilizer 
is 12,000 or less, preferably 100 to 5,000, more prefer- 
ably 300 to 3,000. 

[0012] Known dispersion stabilizers applied with the 
above-mentioned dispersion stabilizers are silica, calci- 
um phosphate, calcium carbonate, sodium chloride and 
sodium sulfate, and one or more of them are applied. 
[0013] The ethylene unsaturated monomers em- 
ployed in the present invention are nitrile monomers, 
methacrylic acid esters, acrylic acid esters, acrylic acid, 
methacrylic acid, vinylidene chloride, vinyl chloride, sty- 
rene, vinyl acetate and butadiene, and one or more of 
those ethylenic unsaturated monomers can be em- 
ployed. Preferable monomers are selected according to 
the softening point, durability against heat and chemi- 
cals, and end use of resultant polymer. For example, co- 
polymers containing vinylidene chloride or nitrile mono- 
mer form superior gas barrier, and copolymers contain- 
ing 80 weight percent or more of nitrite monomer have 
superior durability against heat and chemicals. Thus 
those monomers are selected for producing the polymer 
having those properties mentioned above. 
[001 4] Cross-linking agents can be applied to the po- 
lymerization of the present Invention, if necessary. Ex- 
amples of such cross-linking agents are divinyl ben- 
zene, ethylene glycol dimethacrylate, Methylene glycol 
dimethacrylate, triacryl formal, trimethylol propane 
tirmethacrylate, aryl methacrylate, 1,3-butyl glycol 
dimethacrylate and triaryl isocyanate, and one or more 
of those monomers can be applied. 
[001 5] The polymerization is performed with a polym- 
erization initiator and the resultant polymer becomes the 
wall of microcapsules. 

[001 6] Known polymerization initiators such as perox- 
ides and azo compounds, can be applied. Examples of 
such initiators are azobisisobutylnitrile, benzoyl perox- 
ide, lauryl peroxide, diisopropyl peroxidicarbonate, t- 
butyl peroxide, and 2.2'-azobis(2,4-dimethyl valeroni- 
trile). An oil-soluble Initiator soluble in polymerizabie 
monomers for the polymerization is preferable. 
[0017] A preferable volatile blowing agent to be en- 
capsulated into microcapsules is a substance that gas- 
ifies below the softening point of the wall of the resultant 
polymer. Examples of such volatile blowing agents are 
halogen compounds of propane, propylene, butene, 
normal butane, isobutane, isopentane, neopentane, 
normal pentane, hexane, heptane, petroleum ether and 
methane, liquids of low boiling point such as tetraalkyl- 
silane, and compounds which thermally degrade into 
gas such as AI8N. Among those compounds, liquids of 
low boiling point, such as isobutane, normal butane, nor- 
mal pentane and isopentane are preferable, and one or 
more of those liquids are applied. 
[001 8] The thermo-expansive microcapsules of the 



present invention can be produced through convention- 
al suspension-polymerization wherein polymerizabie 
monomer, across-linking agent, a volatile blowing agent 
and a polymerization initiator are mixed, and the mixture 
5 is suspend-potymerized in an aqueous medium, except 
an aqueous medium preferably containing polypeptide 
and/or a derivative thereof, a known inorganic additive 
and a polymerization initiator, if necessary, is used. 
[0019] The polymerizing monomers, cross-linking 
10 agents, polymerization initiators, volatile blowing agents 
and other auxiliaries are not restricted within those men- 
tioned above, and conventionally known monomers, 
agents and initiators can be applied for the purposes. 
[0020] The aqueous medium for the suspension-po- 
ts lymerization is preferably prepared by adding above- 
mentioned dispersion stabilizer such as polypeptide in 
de-ionized water and by adding known dispersion sta- 
bilizers if necessary. 

[0021] Tne process for producing thermo-expansive 
20 microcapsules of the present invention can control the 
particle size of resultant microcapsules easier than con- 
ventional processes, attain a stable reaction system 
having superior dispersion stability and produce ther- 
mo-expansive microcapsules that disperse into various 
25 media such as polymer, paint or inks better than those 
produced in conventional processes. 
[0022] The present invention is explained more pre- 
cisely with the following examples and comparative ex- 
amples, though the present invention is not restricted 
30 within the scope of those examples. 

Comparative Example 1 

[0023] An aqueous solution for suspension-polymer- 

35 ization was prepared by adding 1 .5 g of an adipic acid- 
diethanolamine condensate and 60 g of 20-% colloidal 
silica solution to 600 g of ion-exchanged water, control- 
ling the pH of the mixture to 3.0-3.2 with sulfuric acid, 
and agitating homogeneously. 

40 [0024] An oily solution for suspension-polymerization 
was prepared by mixing 150 g of acrylonitrite, 150 g of 
methyl methacrylate, 1 g of trimethylol propane trimeth- 
acrylate, 35 g of petroleum ether and 10 g of isobutane 
and agitating to dissolve them. 

45 [0025] The aqueous solution and oily solution were 
mixed and agitated with a homogenizer at 7,000 rpm for 
2 minutes to be made into suspension. The suspension 
was transferred into a separable flask and the air was 
displaced with nitrogen gas. Then the suspension was 

so polymerized at 60 °C with agitation. 

[0026] After 4 hours of polymerization, the system be- 
came unstable with the increase of its temperature and 
finally the whole of the system coagulated. 

55 Comparative Example 2 

[0027] An aqueous solution was prepared and polym- 
erized as in Comparative Example 1 except 1 .5 g of gel- 
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atin was added to the aqueous solution instead of 1 .5 g 
of the adipic acid-diethanolamine condensate. 
[0028] After 20 hours of polymerization, the resultant 
substance was cooled and filtered to be prepared into 
wet powder containing 60 % of solid portion . After drying 
the wet powder, microcapsules adhered to each other 
and flocculated, and expected microcapsules were not 
produced. 

Example 1 

[0029] An aqueous solution was prepared and polym- 
erized as in Comparative Example 1 except 1.5 g of 
polypeptide, of which average molecular weight was 
1 ,000, was added to the aqueous solution instead of 1 .5 
g of adipic acid-diethanolamine condensate. 
[0030] After 20 hours of polymerization, the resultant 
substance was cooled and filtered to be prepared into 
wet powder containing 70 % of solid portion. After drying 
the wet powder and smashing it, expected microcap- 
sules were produced. 

[0031] The particle size of the microcapsules was 
20*30 u. m. 

[0032] The microcapsules were dispersed in EVA 
paste and coated on paper with a coater. The EVA paste 
containing the microcapsules spread smoothly and 
formed uniform coating film after expanding the micro- 
capsules. 

Example 2 

[0033] An aqueous solution was prepared and polym- 
erized as in Comparative Example 1 except 1 .5 g of a 
polypeptlde-undecy lenic acid condensate, of which av- 
erage molecular weight was 1 ,000, was added to the 
aqueous solution instead of 1 .5 g of adipic acid-dieth- 
anolamine condensate. 

[0034] After 20 hours of polymerization, the resultant 
substance was cooled and filtered to be prepared into 
wet powder containing 70% of solid portion. After drying 
the wet powder and smashing it, expected microcap- 
sules were produced. 

[0035] The particle size of the microcapsules was 
20-30 u. m. 

[0036] The microcapsules were dispersed in EVA 
paste and coated on paper with a coater. The EVA paste 
containing the microcapsules spread smoothly and 
formed uniform coating film after expanding the micro- 
capsules. 

Comparative Example 3 

[0037] An aqueous solution for suspension-polymer- 
ization was prepared by adding 2 g of an adipic acid- 
diethanolamine condensate, 60 g of 20-% colloidal silica 
solution and 100 g of common salt to 500 g of ion-ex- 
changed water, controlling the pH of the mixture to 
3.4-3.6 with sulfuric acid, and agitating homogeneously. 



[0038] An oily solution for suspension-polymerization 
was prepared by mixing 150 g of acrytonitrile, 100 g of 
methacrylonitrile, 10 g of methyl methacrylate, 2 g of 
azobisisobutyronitrile and 50 g of Isopentane and agi- 

5 tating to dissolve them. 

[0039] The aqueous solution and oily solution were 
mixed and agitated with a homogenizer at 7,000 rpm for 
2 minutes to be made into suspension. The suspension 
was then transferred into a separable flask. After the air 

io was displaced with nitrogen gas, the suspension was 
polymerized at 70 °C with agitation for 20 hours. 
[0040] After the polymerization, the resultant sub- 
stance was cooled and filtered to be prepared into wet 
powder containing 70 % of solid portion. After drying the 

is wet powder and smashing it, expected microcapsules 
were produced. 

[0041 ] The particle size of the microcapsules was var- 
iable from 1 0 to 40 u, m. 

[0042] The microcapsules were dispersed in EVA 
20 paste and coated on paper with a coater. The EVA paste 
containing the microcapsules spread unevenly into 
rough surface, which was estimated to have been 
caused from coagulated microcapsules due to poor dis- 
persion, and did not form uniform coating film after ex- 
25 panding the microcapsules. 

Example 3 

[0043] An aqueous solution was prepared and porym- 
30 erized as in Comparative Example 3 except 2 g of a 
polypeptide, of which average molecular weight was 
600, was added to the aqueous solution instead of 2 g 
of adipic acid-diethanolamine condensate, and the ex- 
pected microcapsules were produced. 
35 [0044] The particle size of the resultant microcap- 
sules was 15-25 urn 

[0045] The microcapsules were dispersed in EVA 
paste and coated on paper with a coater. The EVA paste 
containing the microcapsules spread smoothly and 
40 formed uniform coating film after expanding the micro- 
capsules. 

Example 4 

45 [0046] An aqueous solution was prepared and polym- 
erized as in Comparative Example 3 except 2 g of a 
polypeptide, of which average molecular weight was 
1 ,000, was added to the aqueous solution instead of 2 
g of adipic acid-diethanolamine condensate and the ex- 

50 pected microcapsules were produced. 

[0047] The particle size of the resultant microcap- 
sules was 25-35 u, m. 

[0048] The microcapsules were dispersed in EVA 
paste and coated on paper with a coater. The EVA paste 
55 containing the microcapsules spread smoothly and 
formed uniform coating film after expanding the micro- 
capsules. 
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Claims 

1. A process for producing thermo-expansive micro- 
capsules by suspend-polymerizing a polymerizable 
mixture containing ethylenic unsaturated monomer 5 
and a blowing agent to microencapsulate the blow- 
ing agent with the resultant polymer, wherein at 
least one compound selected from a group consist- 
ing of polypeptides and derivatives thereof exists in 

the mixture as a suspension stabilizer *<> 

2. The process in Claim 1 wherein the said polypep- 
tides are produced by hydrolyzing collagen. 

3. The process in Claim 1 or Claim 2 wherein the av- 
erage molecular weight of the said polypeptides is 
12,000 or less. 

4. The process in Claim 1 wherein the said derivative 

of polypeptide is at least one selected from the & 
group consisting of cationic polypeptides, higher 
alky! cationic polypeptides, esterified polypeptides 
and fatty acid-polypeptide condensates. 



Amended claims In accordance with Rule 86(2) EPC. 

1 . (after amendment) A process for producing ther- 
mo-expansive microcapsules by suspend-polymer- 
izing a polymerizable mixture containing ethylenic so 
unsaturated monomer and a blowing agent to mi- 
croencapsulate the blowing agent with the resultant 
polymer, wherein at least one substance selected 
from a group consisting of polypeptides and deriv- 
atives thereof having 1 2,000 or less of average mo- 35 
lecu tar weight exists in the mixture as a suspension 
stabilizer. 

2. The process In Claim 1 wherein the said polypep- 
tides are produced by hydrolyzing collagen. 

3. (after amendment) The process in Claim 1 or 
Claim 2 wherein the average molecular weight of 
the said polypeptides ranges from 100 to 5,000. 

45 

4. The process in Claim 1 wherein the said deriva- 
tive of polypeptide is at least one selected from the 
group consisting of cationic polypeptides, higher 
alkyl cationic polypeptides, esterified polypeptides 
and fatty acid-polypeptide condensates. 50 
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